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Lq pdq| ghyhorslqj frxqwulhv/ d prghuq vhfwru frh{lvwv zlwk d
wudglwlrqdo/ lqirupdo/ vhfwru riwhq lqwhqvlyh lq fklog oderu1 Lq vxfk d
vhwwlqj/ zkhq sduhqwv fduh derxw erwk wkh qxpehu dqg zhoo0ehlqj ri
r￿vsulqj/ exw dovr dwwdfk dq hfrqrplf ydoxh wr fkloguhq/ wkhuh lv d
srvlwlyh dvvrfldwlrq ehwzhhq wkh qxpehu ri r￿vsulqj lq wkh idplo| dqg
fklog*v wlph doorfdwhg wr vfkrrolqj1 Dv d uhvxow/ jryhuqphqw h{shqgl0
wxuhv rq hgxfdwlrq idlo wr hqkdqfh rswlpdo jurzwk ri kxpdq fdslwdo1
Nh|zrugv= Fklog oderu> Kxpdq fdslwdo> Lpshuihfw vxevwlwxwdelolw|>
Prghuq jrrg> Sxeolf Hgxfdwlrq> Wudglwlrqdo jrrg1
MHO fodvvl￿fdwlrq= K75/ K85/R6;/ R731
￿Wkh dxwkru judwhixoo| dfnqrzohgjhv ￿qdqfldo vxssruw iurp JUHHQ1 Glvfxvvlrqv zlwk
Gherudk Ohylvrq/ \yhv Ulfkhooh/ dv zhoo dv frpphqwv iurp vhplqdu sduwlflsdqwv dw Xql0
yhuvlw￿ Odydo duh dovr judwhixoo| dfnqrzohgjhg1 Wkh xvxdo glvfodlphu dssolhv1
44 Lqwurgxfwlrq
Zkhq duh jryhuqphqw h{shqglwxuhv rq hgxfdwlrq hhfwlyh lq udlvlqj wkh
jurzwk udwh ri kxpdq fdslwdo lq d orz0lqfrph frxqwu|B Lw lv d zhoo0grfxphqwhg
idfw wkdw wr wkh h{whqw wkdw hgxfdwlrqdo dwwdlqphqw lv uhzdughg zlwk kljkhu
ixwxuh zdjhv/ krz pdq| |hduv ri vfkrrolqj d fklog fdq frpsohwh kdv lpsru0
wdqw orqj0whup lpsolfdwlrqv qrw rqo| iru wkh txdolw| ri fkloguhq*v rzq olyhv
exw dovr iru wkh txdolw| ri wkh hfrqrp|zlgh oderu irufh dqg wkxv hfrqrplf gh0
yhorsphqw1 Lq prvw orz0lqfrph frxqwulhv/ krzhyhu/ wkh qxpehu ri frpsohwhg
|hduv ri vfkrrolqj iru d fklog lv rq dyhudjh yhu| orz +vhh Kxpdq Ghyhors0
phqw uhsruw/ Xqlwhg Qdwlrqv/ 4<;304<<:,> dqg fklog oderu irufh sduwlflsdwlrq
uhpdlqv shuydvlyh +Fdqdjdudmdk dqg Frxorpeh/ 4<<:,1 Zkhwkhu lq xuedq ru
lq uxudo duhdv/ fkloguhq lq prvw wkhvh frxqwulhv frqwlqxh wr sod| dq lpsru0
wdqw uroh lq wkh krxvhkrog hfrqrp| dv frqwulexwruv wr idplo| lqfrph/ zklfk
suhyhqw wkhp iurp uhpdlqlqj hquroohg lq vfkrro orqj hqrxjk wr jdlq ydoxdeoh
hgxfdwlrq1
Wkh frpprq srlqw ri hpslulfdo vwxglhv irfxvlqj rq wkh lvvxh ri Fklog
zrun dqg vfkrrolqj +h1j1 Ohylvrq/ 4<<6> Fkhuqlfkryvnl/ 4<;8> Ohy|/ 4<;8>
Urvhq}zhlj dqg Hyhqvrq/ 4<::, lv wkdw wkh hhfw rq ihuwlolw| ri wkh hfrqrplf
ydoxh ri fkloguhq lv wr eh frqvlghuhg e| orz0lqfrph frxqwulhv* sxeolf sro0
lf| ghflvlrq pdnhuv lqwhuhvwhg lq udlvlqj wkh jurzwk udwh ri kxpdq fdslwdo1
Ghvslwh ehlqj zhoo0grfxphqwhg/ wklv srlqw lv |hw wr dwwudfw irupdo dqdo|0
vlv1 Wkhruhwlfdo zrunv irfxvlqj rq kxpdq fdslwdo dqg jurzwk +h1j1 Ehfnhu/
Pxusk|/ dqg Wdpxud 4<<5, kdyh vlghvwhsshg wkh hhfw rq ihuwlolw| ri wkh
hfrqrplf ydoxh sduhqwv pd| dwwdfk wr fkloguhq1 Frqfoxvlrqv ghulyhg iurp
vxfk iudphzrunv whqg wr dgyrfdwh jryhuqphqw lqwhuyhqwlrq lq hgxfdwlrq dv
wkh vrfldo dffrpprgdwlqj srolf|1 D qrwdeoh h{dpsoh lv Jorpp +4<<:,1
Lq Jorpp +4<<:,/ d jryhuqphqw qdqfhv sxeolfo| surylghg hgxfdwlrq
zlwk d sursruwlrqdo wd{ udwh1 Li wklv wd{ udwh lv vx!flhqwo| kljk/ wkh jurzwk
udwh ri wkh hfrqrp| lv kljkhu zlwk d sxeolf hgxfdwlrq uhjlph wkdq zlwk
d sulydwh hgxfdwlrq1 Lq wkdw hqylurqphqw/ lqglylgxdo djhqwv shufhlyh wkh
prghuq jrrg dqg wkh wudglwlrqdo jrrg dv shuihfwo| vxevwlwxwdeoh/ dqg wkhuh
lv qr +hqgrjhqrxv, srsxodwlrq jurzwk1 Zkloh lq vxfk d vhwwlqj fklog vfkrrolqj
lpsrvhv lqgluhfw frvwv wr sduhqwv gxh wr wkh hfrqrplf ydoxh dwwdfkhg wr
fkloguhq/ wkhvh lqgluhfw frvwv/ krzhyhu/ gr qrw kdyh d frqvwudlqlqj hhfw
rq sduhqwdo fkrlfh ri fklog*v kxpdq fdslwdo lqyhvwphqw/ vlqfh sduhqwv fduh
rqo| derxw wkh zhoiduh ri wkhlu rvsulqj +exw qrw wkhlu qxpehu,/ dqg wkhuh
lv shuihfw vxevwlwxwdelolw| ehwzhhq wkh irupdo vhfwru dqg wkh lqirupdo vhfwru
5jrrgv1 Rqh pd| wkhuhiruh dvn/ zkhwkhu/ uhod{lqj wkhvh wzr dvvxpswlrqv
+shuihfw vxevwlwxwdelolw| dqg qr srsxodwlrq jurzwk, kdv lpsolfdwlrqv iru wkh
delolw| ri sxeolf hgxfdwlrq wr hqkdqfh rswlpdo jurzwk ri kxpdq fdslwdo1
Wr dgguhvv wklv txhvwlrq/ wkh suhvhqw sdshu ghyhorsv d wzr0vhfwru jhq0
hudo htxloleulxp prgho zlwk d hqgrjhqrxv ihuwlolw| dqg jurzwk1 Wkh vhwwlqj
lv wkdw ri d orz0lqfrph frxqwu| lq zklfk dowuxlvwlf sduhqwv pdnh vfkrrolqj
ghflvlrqv rq ehkdoi ri wkhlu rvsulqj/ dqg dwwdfk dq hfrqrplf ydoxh wr fklo0
guhq1 Lq dgglwlrq/ lqglylgxdo djhqwv shufhlyh wkh prghuq vhfwru jrrg dqg wkh
wudglwlrqdo vhfwru jrrg dv lpshuihfw vxevwlwxwhv1 Wklv uh hfwv wkh revhuyhg
frh{lvwhqfh/ lq pdq| orz0lqfrph frxqwulhv/ ri dq lqirupdo vhfwru vshfldol}hg
lq wkh surgxfwlrq ri wudglwlrqdo jrrgv +vxfk dv djulfxowxudo surgxfwv,/ zlwk d
prghuq vhfwru riwhq vshfldol}hg lq wkh surgxfwlrq ri pdqxidfwxulqj jrrgv
zklfk pd| glhu lq fkdudfwhulvwlfv iurp djulfxowxudo surgxfwv1 Dowuxlvp lv
h{suhvvhg wkurxjk sduhqwdo suhihuhqfh iru erwk txdqwlw| dqg txdolw| ri r0
vsulqj1 Hyhq zkhq sduhqwv kdyh d suhihuhqfh eldv wrzdugv txdolw| ri rvsulqj/
lpshuihfw vxevwlwxwdelolw| dqg pdwhuldo ehqhwv surylghg e| fkloguhq fdxvh
fklog*v wlph doorfdwhg wr vfkrrolqj dqg wrwdo ihuwlolw| udwh wr eh srvlwlyho| dv0
vrfldwhg1 Dv d uhvxow/ jurzwk ri kxpdq fdslwdo pd| idlo wr pdwhuldol}h xqghu
d sxeolf hgxfdwlrq uhjlph/ vlqfh wkh qhjdwlyh h{whuqdolw| rq kxpdq fdslwdo
dffxpxodwlrq lv qrw lqwhuqdol}hg zlwklq wkh krxvhkrog1 Wkh uhpdlqghu ri wklv
sdshu lv vwuxfwxuh dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho dqg frqfoxglqj
uhpdunv lq vhfwlrq 6 forvh wkh sdshu1
5 Wkh Vhwwlqj
Frqvlghu d g|qdvwlf srsxodwlrq zkhuh lqglylgxdov olyh iru wzr shulrgv/ fklog0
krrg dqg dgxowkrrg1 Doo djhqwv duh lghqwlfdo zlwklq hdfk jhqhudwlrq | E| '
fcc1 Dw gdwh 3/ wkhuh lv dq lqlwldo dgxow/ wkh irxqghu ri wkh g|qdvw| zkr
ghvljqv d sodq iru wkh zkroh lqqlwh krul}rq ri khu g|qdvw|1 Wkh g|qdvw|
irxqghu*v remhfwlyh lv wr fkrrvh d vhtxhqfh ri frqvxpswlrq/ iS|j|’fc￿c￿￿￿/r id
qrq0vwrudeoh frpsrvlwh jrrg/ dqg d vhtxhqfh/ i|n￿j|’fc￿c￿￿￿/ ri ixwxuh php0














zkhuh 4 +f 	4	 lv d vxemhfwlyh glvfrxqwlqj idfwru/ j Ef 	j	
lv wkh lqyhuvh ri wkh frqvwdqw lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ dqg
61 Ef 	1 lv dq dowuxlvp sdudphwhu lpso|lqj d frqvwdqw hodvwlflw| ri
sduhqwdo dowuxlvp shu fklog dv wkh qxpehu ri fkloguhq lqfuhdvhv1 Vlqfh f 	1 /
sduhqwdo dowuxlvp lv uh hfwhg e| suhihuhqfhv iru txdqwlw| dv zhoo dv txdolw| ri
rvsulqj1 Wkhuh lv suhihuhqfh eldv wrzdugv txdolw| li 1	j >w k he l d vj r h v
lq wkh rssrvlwh gluhfwlrq li 1:j 1
Dw hdfk shulrg/ doo djhqwv +fkloguhq dqg dgxowv, duh hqgrzhg zlwk rqh
xqlw ri qrq0ohlvxuh wlph1 D w|slfdo dgxow +eruq dw |   doorfdwhv klv qrq0
ohlvxuh wlph ehwzhhq wzr dfwlylwlhv/ fklog0uhdulqj +ic dqg zrun +  i1L i
dj h q h u d w l r q|dgxow doorfdwhv d iudfwlrq i| ri klv qrq0ohlvxuh wlph wr fklog0
uhdulqj/ srsxodwlrq zloo hyroyh ryhu wlph dffruglqj wr d olqhdu orz ri prwlrq/
|n￿ ' i|| +5,
Lq wklv hqylurqphqw/ d w|slfdo fklog pdnhv qr wlph doorfdwlrq ghflvlrqv>
wkhvh ghflvlrqv duh pdgh e| klv dowuxlvwlf +vlqjoh, sduhqw1 D fklog*v qrq0
ohlvxuh wlph lv doorfdwhg ehwzhhq wzr dfwlylwlhv/ vfkrro dwwhqgdqfh Er dqg
zrun Er1 Hgxfdwlrq lv surylghg e| wkh jryhuqphqw iuhh ri +gluhfw, fkdujh1
Jryhuqphqw hgxfdwlrq h{shqglwxuhv duh qdqfhg e| wd{hv froohfwhg iurp doo
dgxow zrunhuv dffruglqj wr d xqlirup wd{ udwh/ 1 Li d fklog eruq lq shulrg
| dwwhqgv d +sxeolf, vfkrro zlwk hgxfdwlrq txdolw|/ h .|/ iru d shulrg ri ohqjwk
r| +ghwhuplqhg e| klv dowuxlvwlf sduhqw,/ klv dffxpxodwhg kxpdq fdslwdo lv=










.| lv wrwdo jryhuqphqw h{shqglwxuh rq hgxfdwlrq/ dqg |n￿ lv wkh qxpehu
ri fkloguhq eruq ri jhqhudwlrq | sduhqwv1 Wkh vwuxfwxuh ri wklv kxpdq fds0
lwdo dffxpxodwlrq whfkqrorj| uh hfwv wkh ylhz wkdw lq orz0lqfrph frxqwulhv/
sxeolfo| surylghg hgxfdwlrq lqsxwv duh ghwhuplqdqw iru kxpdq fdslwdo gh0
yhorsphqw1 Lw dovr lpsolhv wkdw sxeolf hgxfdwlrq lv vxemhfw wr frqjhvwlrq/
zkhuh wkh frqjhvwlrq hhfw lv phdvxuhg e| htxdwlrq +7,1 Wkh lvvxh dw vwdnh
lv zkhwkhu wklv frqjhvwlrq hhfw lv surshuo| lqwhuqdol}hg zlwklq wkh krxvh0
krog zkhq sduhqwv zkr fduh derxw erwk wkh txdqwlw| dqg txdolw| ri rvsulqj
pdnh wlph doorfdwlrq ghflvlrqv rq ehkdoi ri wkhlu rvsulqj dqg shufhlyh wkh
prghuq dqg wkh wudglwlrqdo jrrg dv lpshuihfwo| vxevwlwxwdeoh jrrgv1
7Wr hpskdvl}h wkh glvwlqjxlvklqj ihdwxuh ri lpshuihfw vxevwlwxwdelolw| eh0
wzhhq wkh prghuq jrrg +%/ dqg wkh wudglwlrqdo jrrg +5/ rzq frqvxpswlrq






zkhuh k Ef 	k	 dqg   k duh uhodwlyh +xwlolw|, zhljkwv d w|slfdo
dgxow dwwdfkhv wr wkh frqvxpswlrq ri wkh prghuq jrrg dqg wkh wudglwlrqdo
jrrg1 Vlqfh d fklog lqyhvwphqw lq kxpdq fdslwdo rqo| |lhogv uhwxuqv wkh qh{w
s h u l r g /f k l o g u h ql qw k l vh q y l u r q p h q wf d qr q o |z r u nl qw k hw u d g l w l r q d oj r r g
v h f w r uz k l f kx v h vh { f o x v l y h o |u d zo d e r u /d vl qJ o r p p+ 4 < < : , 1
Doo sulydwh djhqwv lq wklv hqylurqphqw wdnh sulfhv dv jlyhq1 Ohwwlqj wkh
prghuq jrrg eh wkh qxpìudluh/ wkh hhfwlyh g|qdvwlf exgjhw frqvwudlqw lv=
| d%| n R|5|o  /%|E  E  i||| n /5|E  r||n￿c +9,
zkhuh R| lv wkh gdwh | pdunhw sulfh iru wkh wudglwlrqdo jrrg lq whupv ri wkh
prghuq jrrg/ dqg /,| lv wkh gdwh | zdjh udwh iru vhfwru , E, ' %c51W k h
g|qdvw| khdg sureohp lv wr pd{lpl}h +4, vxemhfw wr frqvwudlqwv +5,/ +6,/ +8,/
dqg +9,/ jlyhq f1 Wkh uvw rughu frqglwlrqv iru dq lqwhulru vroxwlrq wr wklv
sureohp duh vxppdul}hg lq wkh Dsshqgl{ vhfwlrq1
Wkh prghuq jrrg vhfwru rxwsxw lv surgxfhg e| frpshwlwlyh upv xvlqj
hhfwlyh kxpdq fdslwdo +M dffruglqj wr d frqvwdqw uhwxuqv wr vfdoh whfk0
qrorj|/ t%| ' M|1 Surw pd{lpl}dwlrq lq wklv vhfwru wkhuhiruh lpsolhv wkdw
/%| ' Surgxfwlrq ri wkh wudglwlrqdo jrrg grhv qrw xvh kxpdq fdslwdo>
lqvwhdg/ lw lv fduulhg rxw wkurxjk lqirupdo prghv ri surgxfwlrq xvlqj fklog
udz oderu rqo|> lw lv ghvfulehg e| t5| ' u|/z k h u hu |lv hhfwlyh fklog oderu1
Surw pd{lpl}dwlrq lq wklv vhfwru lpsolhv wkdw /5| ' R|1
Wkh hfrqrp|zlgh uhvrxufh frqvwudlqwv duh jlyhq e|=
|%| n .|  t%|( +:,
|5|  t5| +;,
M|  ||E  i|( +<,
u|  E  r||n￿ +43,
8Li jryhuqphqw exgjhw lv edodqfhg/ wrwdo hgxfdwlrq h{shqglwxuh lq hdfk
shulrg lv
.| ' /%|E  i||| +44,
Jlyhq wkh lqlwldo f/dfrpshwlwlyh htxloleulxp iru wklv hfrqrp| lv d froohf0
wlrq ri doorfdwlrq vhtxhqfhv iS|cr |ci |c% |c5 |c |n￿c |n￿cM |cu |j |’fc￿c￿￿￿/ d froohf0
wlrq ri sulfh vhtxhqfhv iR|c/ %|c/ 5|j|’fc￿c￿￿￿￿/ dqg odzv ri prwlrq iru srsxodwlrq
dqg kxpdq fdslwdo/ vxfk wkdw/
+l, +G|qdvw| Khdg sureohp,= jlyhq R|/ wkh doorfdwlrq ES|cr |ci |c% |c5 |c |n￿c |n￿
vroyhv wkh g|qdvw| khdg*v sureohp> dqg/ lq hdfk shulrg
7 | ' |( +45,
+ll, +Prghuq jrrg vhfwru,= jlyhq ER|c/ %|/ M| vdwlvhv surw pd{lpl}lqj frq0
glwlrq>
+lll, +Wudglwlrqdo jrrg vhfwru ,= jlyhq /5|/ u| vdwlvhv surw pd{lpl}lqj
frqglwlrq>
+ly, doo pdunhwv fohdu/ l1h1/ +:,0+43, duh vdwlvhg zlwk htxdolw|1
Dorqj wkh edodqfhg jurzwk sdwk wkh sdwk dorqj zklfk srsxodwlrq jurzwk
udwh dqg kxpdq fdslwdo jurzwk udwh duh frqvwdqw wlph doorfdwlrqv dqg wkh
uhodwlyh +jurvv, uhwxuq wr fklog oderu/ R| *|/ zloo eh frqvwdqw +l1h1/ r|n￿ ' r|/
i|n￿ ' i|/ |n￿*R|n￿ ' |*R|/d o o| ,1 Wkh pdlq wdvn lq wklv sdshu lv wr fkdudf0
whul}h wkh dvvrfldwlrq ehwzhhq wrwdo ihuwlolw| udwh dqg fklog frpsohwhg |hduv
ri vfkrrolqj +khuh sur{lhg e| fklog*v wlph doorfdwhg wr vfkrrolqj, dqg wr gh0
whuplqh krz wklv dvvrfldwlrq dhfwv wkh udwh ri jurzwk ri kxpdq fdslwdo lq
wkh hfrqrp|1 Wklv wdvn lv fduulhg ehorz1
Wkh uvw rughu frqglwlrqv iru wkh g|qdvwlf irxqghu*v sureohp +vhh dsshq0
gl{ iru ghwdlov, ohdgv wr
 d  q)Eio  d  )EioEr'f c +46,
dw ohdvw iru vrph Erci 5 Efc  Efc/z k h u h'E k  *k/
q 'E  *kdk1*E  joc
)Ei'E i  *i/d q grhw i ghqrwh vwhdg| vwdwh fklog*v wlph doorfdwhg wr
vfkrrolqj dqg wrwdo +jurvv, ihuwlolw| udwh uhvshfwlyho|1 Iru vlpsolflw|/ dvvxph
9q 'f / l1h1/ 1*Ej'k 1V l q f hf	k	 / wklv odwwhu dvvxpswlrq lpsolhv
wkdw sduhqwv lq wklv hqylurqphqw kdyh d suhihuhqfh eldv wrzdugv wkh txdolw|
ri rvsulqj1 Qrwh dovr wkdw iru i:k /)Ei : f1 Lq sduwlfxodu/ iru
doo i 5 E7 ic/z k h u h7 i'k / htxdwlrq +46, ohdgv wr d fkdudfwhul}dwlrq ri
wkh dvvrfldwlrq ehwzhhq fklog*v wlph doorfdwhg wr vfkrrolqj/ r 5 Efc/d q g





Vlqfh e| ghqlwlrq/ )￿Ei 	 f/ wkh htxdolw| lq +47, lpsolhv wkdw/ zkhq wkh
wudglwlrqdo jrrg dqg wkh prghuq jrrg duh lpshuihfwo| vxevwlwxwdeoh/ dqg
sduhqwv dwwdfk dq hfrqrplf ydoxh wr fkloguhq/ wkh qxpehu ri rvsulqj lq wkh
krxvhkrog dqg fklog*v wlph doorfdwhg wr vfkrrolqj duh srvlwlyho| dvvrfldwhg/
hyhq zkhq sduhqwv kdyh d suhihuhqfh eldv wrzdugv txdolw| ri rvsulqj +l1h1/
1	j  1 Wkh srvlwlyh dvvrfldwlrq ghulyhg lq wklv sdshu fdq eh mxvwlhg dv
iroorzv1 Rq wkh rqh kdqg/ d ulvh lq wkh wd{ udwh/ fhwhulv sdulexv/u d l v h vw k h
txdolw| ri hgxfdwlrq surylghg e| wkh jryhuqphqw1 Wklv/ lq wxuq/ udlvhv wkh
ehqhwv ri fklog*v hgxfdwlrq/ fdxvlqj sduhqwv +zkr fduh derxw wkh zhoiduh ri
wkhlu rvsulqj, wr dxjphqw fklog*v wlph doorfdwhg wr vfkrrolqj/ r1R q w k h
rwkhu kdqg/ vlqfh d ulvh lq fklog*v wlph doorfdwhg wr vfkrrolqj fdxvhv d ghfolqh
lq wkh hhfwlyh vxsso| ri fklog udz oderu/ wkh zdjh udwh/ 5| ' R| zloo ulvh/
wkxv udlvlqj wkh uhodwlyh +qhw, uhwxuq wr fklog oderu/ R|*E|1D vdu h v x o w /
lw ehfrphv pruh ehqhfldo wr sduhqwv wr udlvh wkhlu ihuwlolw| udwh/ i/v rd vw r
lqfuhdvh wkh qxpehu fkloguhq lq wkh krxvhkrog dqg wkxv wkh wrwdo frqwulexwlrq
ri fkloguhq wr idplo| lqfrph1
Wkh deryh uhvxow lv frqvlvwhqw zlwk hpslulfdo qglqjv e| Fkhuqlfkryvn|
+4<;8, dqg Ohy| +4<;8,1 Fkhuqlfkryvnl +4<;8, xvhv gdwd iurp Erwvzdqd wr
uhmhfw wkh k|srwkhvlv wkdw wkhuh lv d wudgh0r ehwzhhq fklog*v wlph doorfdwhg
wr vfkrrolqj dqg wkh qxpehu ri fkloguhq lq wkh krxvhkrog1 Ohy| +4<;8,/ rq klv
sduw/ h{dplqhv furvv0vhfwlrqdo hylghqfh rq glhuhqwldo ihuwlolw| lq uxudo Hj|sw/
irfxvlqj rq wkh uhodwlrq ehwzhhq vwuxfwxudo srolf| fkdqjhv lq djulfxowxuh/ rq
wkh rqh kdqg/ dqg ihuwlolw| dqg fkloguhq*v vfkrrolqj/ rq wkh rwkhu1 Klv uhvxowv
lqglfdwh/ dprqj rwkhu lqwhuhvwlqj srlqwv/ wkdw frwwrq surgxfwlrq*v lqwhqvlw|
lq fklog udz oderu lv rqh ri wkh edvlf frqglwlrqv prwlydwlqj Hj|swldqv iduphuv
wr kdyh uhodwlyho| odujh idplolhv1
Lpsolfdwlrqv iru wkh jurzwk udwh ri kxpdq fdslwdo
:Wkh srvlwlyh dvvrfldwlrq ehwzhhq fklog*v wlph doorfdwhg wr vfkrrolqj dqg
ihuwlolw| udwh lpsolhv wkdw sduhqwv lq wklv hqylurqphqw duh xqdeoh wr vxevwlwxwh
txdolw| iru txdqwlw| rvsulqj1 Wkh jurzwk hhfw ri wklv srvlwlyh dvvrfldwlrq
duh fkdudfwhul}hg dv iroorzv1 Iurp wkh odz ri prwlrq ri kxpdq fdslwdo/ vxe0






Vlqfh r dqg i duh srvlwlyho| dvvrfldwhg/ dq| srolf| wkdw lqgxfhv sduhqwv wr
lqfuhdvh r +h{dpsoh lpsuryhphqwv lq wkh txdolw| ri sxeolf hgxfdwlrq/ wkurxjk
lqfuhdvhg wd{hv,/ dovr ohdgv wkhp wr lqfuhdvh i1 Frqvhtxhqwo|/ wkh frqjhvwlrq
hhfw lv qrw lqwhuqdol}hg/ vlqfh )￿Ei 	 f/i r ud o oi5Efc/ lpso|lqj wkdw d
sxeolf hgxfdwlrq uhjlph idlov wr surgxfh dq rswlpdo jurzwk udwh iru kxpdq
fdslwdo1 Wklv uhvxow lv dw rgg zlwk Jorpp*v +4<<:, qglqjv1
6 Frqfoxglqj Uhpdunv
Wklv sdshu xvhv d g|qdvwlf srsxodwlrq prgho zlwk hqgrjhqrxv ihuwlolw| dqg
jurzwk/ wr vwxg| wkh hhfw ri jryhuqphqw hgxfdwlrq vshqglqj rq wkh jurzwk
udwh ri kxpdq fdslwdo1 Wkh vhwwlqj lv wkdw ri d orz0lqfrph frxqwu| lq zklfk
dowuxlvwlf sduhqwv pdnh vfkrrolqj ghflvlrqv rq ehkdoi ri wkhlu rvsulqj/ dqg
dwwdfk dq hfrqrplf ydoxh wr fkloguhq1 Lq dgglwlrq/ lqglylgxdo djhqwv shufhlyh
wkh prghuq vhfwru jrrg dqg wkh wudglwlrqdo vhfwru jrrg dv lpshuihfw vxevwl0
wxwhv1 Wklv uh hfwv wkh revhuyhg frh{lvwhqfh/ lq pdq| orz0lqfrph frxqwulhv/
ri dq lqirupdo vhfwru vshfldol}hg lq wkh surgxfwlrq ri wudglwlrqdo jrrgv +vxfk
dv djulfxowxudo surgxfwv,/ zlwk d prghuq vhfwru riwhq vshfldol}hg lq wkh sur0
gxfwlrq ri pdqxidfwxulqj jrrgv1 Wkh sdshu*v pdlq qglqj lv wkdw hyhq zkhq
sduhqwv kdyh d suhihuhqfh eldv wrzdugv txdolw| ri rvsulqj/ lpshuihfw vxe0
vwlwxwdelolw| dqg pdwhuldo ehqhwv surylghg e| fkloguhq fdxvh fklog*v wlph
doorfdwhg wr vfkrrolqj dqg wrwdo ihuwlolw| udwh wr eh srvlwlyho| dvvrfldwhg1 Dv
d uhvxow/ jurzwk ri kxpdq fdslwdo pd| idlo wr pdwhuldol}h xqghu d sxeolf hgx0
fdwlrq uhjlph/ vlqfh wkh qhjdwlyh h{whuqdolw| rq kxpdq fdslwdo dffxpxodwlrq
lv qrw lqwhuqdol}hg zlwklq wkh krxvhkrog1 Wkhuhiruh/ lq rughu iru jryhuqphqw
vshqglqj rq hgxfdwlrq wr eh hhfwlyh lq udlvlqj wkh jurzwk udwh ri kxpdq
fdslwdo/ wklv srolf| pd| qhhg wr eh vxssohphqwhg e| phdvxuhv dlplqj dw
dowhulqj wkh yhu| vwuxfwxuh ri ghyhorslqj frxqwulhv hfrqrplhv1 Lq sduwlfx0
odu/ d sdwwhuq ri prghuql}dwlrq wkdw hpskdvl}hv dgydqfhv lq wkh surgxfwlrq
;surfhvvhv ri wudglwlrqdo jrrgv +h1j1 phfkdql}dwlrq ri djulfxowxuh, pd| qhhg
wr eh hqfrxudjhg1 Rqh hhfw ri vxfk d sdwwhuq ri prghuql}dwlrq zrxog eh wr
holplqdwh ru dw ohdvw vxevwdqwldoo| uhgxfh wkh hfrqrplf ydoxh sduhqwv dwwdfk
wr fkloguhq1 Hpslulfdo vxssruw iru wklv uhfrpphqgdwlrq fdq eh irxqg lq Ohy|
+4<;8,1
Uhihuhqfhv
^4` Ehfnhu/ Jdu| V1/ Nhylq P1 Pxusk|/ dqg Urehuw Wdpxud +4<<3,/ Kxpdq
Fdslwdo/ Ihuwlolw|/ dqg Hfrqrplf Jurzwk/ Mrxuqdo ri Srolwlfdo Hfrqrp|/
Yro1 <; +8,= V450V6:1
^5` Fdqdjdudmdk V1 dqg Kdurog Frxorpeh +4<<:, Fklog Oderu dqg Vfkrro0
lqj lq Jkdqd/ Srolf| Uhvhdufk Zrunlqj Sdshu Qr14;771
^6` Fkhuqlfkryvn|/ Gry +4<;8,/ Vrflrhfrqrplf dqg Ghprjudsklf Dvshfwv
ri Vfkrro Hquroophqw dqg Dwwhqgdqfh lq Uxudo Erwvzdqd/ Hfrqrplf
Ghyhorsphqw dqg Fxowxudo Fkdqjh/ 66 +5,= 64<06;<1
^7` Jorpp/ Jhukdug +4<<:,/ Sduhqwdo Fkrlfh ri Kxpdq Fdslwdo Lqyhvw0
phqw/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ Yro1 86=<<04471
^8` Jorpp/ Jhukdug dqg E1 Udylnxpdu +4<<:,/ Surgxfwlyh Jryhuqphqw
H{shqglwxuhv dqg Orqj0Uxq Jurzwk/ Mrxuqdo ri Hfrqrplf G|qdplfv
dqg Frqwuro/ 54=4;605371
^9` Mhqvhq/ S1 dqg Khohqd V1 Qlhovhq +4<<:, Fklog Oderu ru Vfkrro Dwwhq0
gdqfhB/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv 43=73:07571
^:` Ohylvrq/ Gherudk +4<<6, Fklog Zrun dqg Vfkrrolqj lq Eud}lo*v Flwlhv/
Plphr/ K1 K1 Kxpskuh| Lqvwlwxwh ri Sxeolf Ddluv/ Xqlyhuvlw| ri Plq0
qhvrwd1
^;` Ohy|/ Ylfwru +4<;8, Fursslqj Sdwwhuq/ Phfkdql}dwlrq/ Fklog Oderu/
dqg Ihuwlolw| Ehkdylru lq d Iduplqj Hfrqrp|/ Hfrqrplf Ghyhorsphqw
dqg Fxowxudo Fkdqjh 66+7,= :::0:<41
^<` Qhuoryh/ Pduf/ D1 Ud}lq/ dqg H1 Vdgnd +4<;9,/ Hqgrjhqrxv Srsxod0
wlrq zlwk Sxeolf Jrrgv dqg Pdowkxvldq Il{hg Uhvrxufhv= H!flhqf| ru
Pdunhw Idloxuh/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 5:+6,= 934093<1
<^43` Ud}lq/ Dvvdi/ dqg Fkl0Zd \xhq +4<<8, Xwlolwduldq Wudghr Ehwzhhq
Srsxodwlrq Jurzwk dqg Lqfrph Jurzwk/ Mrxuqdo ri Srsxodwlrq Hfr0
qrplfv ;= ;40;:1
^44` Urvhq}zhlj/ Pdun U1 dqg Urehuw Hyhqvrq +4<::,/ Ihuwlolw|/ Vfkrrolqj/
dqg wkh Hfrqrplf Frqwulexwlrq ri Fkloguhq lq Uxudo Lqgld/ Hfrqrphw0
ulfd 78+8,=43980;31
Dsshqgl{1
Wkh uvw rughu frqglwlrqv iru dq lqwhulru vroxwlrq wr wklv sureohp fdq eh
v x p p d u l } h gd vi r o o r z v =
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|n￿|n2  b￿|
nb|n￿ d/%|n￿E  E  i|n￿|n￿  %|n￿  R|n￿5|n￿o'f c +53,
|n￿ G b|n￿/%|n￿E  E  i|n￿|n￿  b￿| 'f c +54,
soxv dssursuldwh wudqvyhuvdolw| frqglwlrqv/ zkhuh bS|/ b|/ b￿|/d q gb ￿ | duh
pxowlsolhuv dvvrfldwhg zlwk frqvwudlqwv +8,/ +5,/ +6,/ dqg +9,/ uhvshfwlyho|1








43Olnhzlvh/ frpelqlqj htxdwlrqv +4;, dqg +4<,/ dqg uhduudqjlqj whupv xvlqj







Dorqj wkh edodqfhg jurzwk sdwk/ wlph doorfdwlrqv dqg wkh udwlr | *R | zloo








Ixuwkhu/ iurp htxdwlrq +53,/ uhduudqjlqj whupv xvlqj htxdwlrqv +48,/ +49,/








l'R |* E  | +59,
lv wkh udwlr ehwzhhq wkh +qhw, udwh ri uhwxuq wr fklog oderu ER| dqg wkh qhw
udwh ri uhwxuq wr sduhqwdo oderu Ed  o|1 Wkurxjkrxw wkh uhvw ri wklv sdshu/
l lv lqwhusuhwhg dv wkh uhodwlyh udwh ri uhwxuq wr fklog oderu/ dv shufhlyhg e|
sduhqwv1 Wkh vwuxfwxuh ri l lpsolhv wkdw kljkhu +uhvshfwlyho|/ orzhu, wd{hv
whqg wr lqfuhdvh +uhvshfwlyho|/ ghfuhdvh, wkh hfrqrplf ydoxh ri fklog oderu
irufh sduwlflsdwlrq1
Jhwwlqj edfn wr wkh uvw rughu frqglwlrqv iru wkh g|qdvw| khdg sureohp/
iurp htxdwlrq +54,/ xvlqj htxloleulxp frqglwlrqv dv zhoo dv htxdwlrq +4<,/





zkhuh r uhsuhvhqwv wkh vwhdg| vwdwh doorfdwlrq ri d fklog vfkrro dwwhqgdqfh






iru doo +icr 5 Efc  Efc1
44Qrz/ xvlqj wkh pdunhw fohdulqj frqglwlrq iru erwk wkh wudglwlrqdo jrrg
vhfwru dqg wkh prghuq jrrg vhfwru/ dqg frpelqlqj wkhp xvlqj htxdwlrqv +44,
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c +5<,
zkhuh k ghqrwhv wkh xwlolw| zhljkw ri wkh prghuq jrrg uhodwlyh wr wkh wud0
glwlrqdo jrrg1 Vxevwlwxwlqj edfn lqwr +5;,/ dqg uhduudqjlqj whupv |lhogv
h{suhvvlrq +46,1
45